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Abstract 
 
The study presents selected results of the examinations of the properties and microstructure of  weld overlays built up with the UTOP38, 
F-812 and F-818 welding wires on a  substrate of the 42CrMo4 structural steel. Among others, the following investigations were carried 
out: bend tests, hardness measurements and determination of ferrite content in a bainitic-martensitic microstructure of UTOP38 and F-812 
layers. 
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1. Introduction  
Overlay welding is one of the methods that enable 
modification of the surface layer of forging tools to improve their 
life on performance [1, 2, 3]. In [4], a concept of making a 
pressing die from the structural steel with weld overlays built up 
on the surface of its impression has been proposed.  The problem 
most important is correct choice of the chemical composition of 
materials used for  overlay welding. It is obvious that,  because of 
different operating conditions of the dies and a variety of wear 
mechanisms, application in all cases of the same material for weld 
overlays would  neither be correct nor advisable. Weld overlays 
should offer a wide range of specific properties from the layers of 
good plastic properties and resistance to thermal and mechanical 
fatigue to the layers in which hardness and abrasion wear 
resistance are the main requirement. This gradation of  properties 
can be achieved through proper selection of materials for weld 
overlays, i.e. materials with the required content of most 
important alloying elements (C, Cr, Mo, Mn, Si, W, Ni and Co). It 
has been generally assumed that the most plastic layer should 
contain about 0,10 - 0,15 % C and 5 % Cr, as well as Mn, Mo, V, 
Ni and  Si. The second layer should contain similar content of 
carbon and of manganese, molybdenum, silicon and nickel, but 
chromium content elevated to about 10 %. The hardest layer 
should have more carbon (about 0,20 - 0,25 %) and tungsten (over 
1 %) with concentration of other alloying elements (Cr, Mn, Mo, 
Ni, Si) kept at a level similar to the second layer. These 
requirements are satisfied by, among others, the wires for overlay 
welding of the following trade names: UTOP38, F-812 and F-818. 
Maintaining proper conditions of overlay welding and stress   
relief annealing, the layers  of a hardness  of about 35 - 40 HRC, 
40 - 45 HRC and 50 - 55 HRC, respectively, were produced. 
Detailed characteristics of the applied materials are given in 
Table 3. 
This article presents selected results of the examinations of 
the properties and structure of single weld overlays built up on 
a substrate of the 42 CrMo4 steel. ARCHIVES of FOUNDRY ENGINEERING Volume 10, Special Issue 3/2010, 5-10  6 
2. Description of tests and of the tested 
materials  
Tables 1, 2 and 3 describe the type and conditions of the 
carried out tests and give characteristics of the examined 
materials. 
 
Table 1.  
Specification of tests and  of test devices  
No. Test  type  Tested  materials  Test conditions and test devices 
1  Static one-point bend test   Specimens of 42CrMo4 
steel with weld overlays 
built up with UTOP38,  
F-812 and F-818 welding 
wires 
Extensometric measurements of longitudinal and transverse strain  on the 
surface of weld overlays (measured on the tension side of bend 
specimens) 
Extensometry: 1-XY-11-3/120 
Specimen dimensions: 120x20x10 mm 
Thickness of buildup layer: 3 mm; Temperature: 20
oC 
2 Hardness  HV0,1 
measurement 
FUTURE TECH E700 microhardness tester 
3 Metallographic 
examinations  
Weld overlays built up 
with UTOP38, F-812 and 
F-818 wires on a 42CrMo4 
steel substrate  Scanning microscope, model JOEL J 5510LV 
Nital etched polished metallographic specimens  
Thickness of single layer: 2 mm 
Image analysis: ImageJ open software  
 
Table 2.  
Chemical composition and heat treatment of the alloyed structural 42CrMo4 steel 
Chemical composition, mass %   Steel designation 
C Mn Si  P  S  Cr Ni Mo V W 
42CrMo4  0,39 0,8  0,3 0,34 0,3 0,11  -  0,21  -  - 
Heat treatment  Hardness HRC after heat treatment   
Quenching 
840 [
oC] 
Tempering 
 620 [
oC]    33 - 36 
Chemical analysis: BAIRD 750FSQ spectral analyser 
 
Table 3.  
Chemical composition of wires used for overlay welding of die impressions and specification of buildup overlays 
Chemical composition, mass %   Wire designation  
(name, producer)   C Si Mn P S Cr  Mo  Ni V W  Ti 
UTOP38, Slovenia - Elektrode 
Jasienice, d o.o.  0,15 0,35  0,90  -  -  5,05 4,0  -  0,20 0,15  - 
F-812, Italy  0,10  0,5  0,70  - -  9,65  2,15  0,80  - -  0,20 
F-818, Italy  0,24  0,70  0,60  -  -  10,0 3,01 1,70 0,25 1,40 0,25 
Hardness HRC after overlay welding    Total thickness of deposited layer  
(4 layers), mm 
UTOP38  36 - 38 
F-812  42 - 44 
F-818  53 - 55 
8 - 10 
 
 
3. Static bend test and hardness of weld 
overlays  
The aim of the static bend test has been checking if the 
deposited weld overlays possess adequate adherence to the 
substrate and if they are resistant to crack formation under the 
conditions of longitudinal elasto-plastic strains amounting to 
approximately 2%. Figures 1 and 5 show examples of the results.   
Figures 2 – 4 show the results of HV0,1 hardness 
measurements and the distribution of values in individual weld 
overlays and in  substrate. ARCHIVES of FOUNDRY ENGINEERING Volume 10, Special Issue 3/2010, 5-10  7
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Fig. 1. The results of bend test carried out on 42CrMo4 steel specimens with weld overlays built up with UTOP38 wire 
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Fig. 2. Hardness HV0,1 of weld overlay built up with F-818 wire and of the 42CrMo4 steel substrate; x – distance from 
surface,  g – thickness of layer 
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Fig. 3. Hardness HV0,1  of weld overlay built up with F-812 wire and of the 42CrMo4 steel substrate; x - distance from 
surface,  g – thickness of layer 
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Fig. 4. Hardness HV0,1  of weld overlay built up with UTOP38 wire and of the 42CrMo4 steel substrate; x - distance from 
surface, g – thickness of layer 
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Fig. 5. The results of bend test carried out on the 42CrMo4 steel with F-812 weld overlay  
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4. Metallographic examinations  
The UTOP38 weld overlay (Fig. 7) has a two-phase structure 
composed of martensitic-bainitic matrix and ferrite precipitates 
located on the boundaries of former austenite grains. The structure 
bears traces of a dendritic configuration related with the 
directional heat flow during solidification. As proved by     
stereological measurements (Table 4, Fig. 6), the content Sv of  
ferrite precipitates changes with the changing distance from the 
weld overlay surface; the highest value is found in the central 
zone and amounts to approximately 20 %.  
 
The microstructure of F-812 layer is similar to UTOP38 layer, 
except for the content Sv of  ferrite precipitates which is lower; 
the highest value (12 %) occurs at the surface. The features 
typical of a dendritic structure are very weakly marked and   
visible only near the substrate phase boundary  (Table 5, Figs. 6 
and 8). 
From the chemical analysis and hardness measurements it can 
be judged that the F-818 layer has a martensitic structure. No 
precipitates of ferrite have been observed (Fig. 9). 
 
 
Table 4.  
Suface content of ferrite precipitates in weld overlay built up with UTOP38 wire 
Photograph No. (Fig. 6)  1  2  3  4  5  6  7  8  9  10  11 
Polished section surface area F, μm
2  1,20*
10
4 
1,28*10
4 0,683*10
4 
Distance between polished section 
centre and surface h, μm 
61 170  249  353 471  584 673 753 856  965  1018 
Content of ferrite precipitates  SV,  %  4,2  6,7  6,4  11,3  19,5  19,5 15,2  7,2  3,6  0,2  0,0 
 
Table 5.  
Suface content of ferrite precipitates in weld overlay built up with UTOP38 wire 
Photograph  No.  (Fig.  7)  1 2 3 4 5 6 7 8 9  10  11  12 
Polished section surface area F, μm
2  1,38*
10
4 
1,47*10
4 0,801*10
4 
Distance between polished section 
centre and surface h, μm 
66  183 305 434 565 689 815 928  1046  1163  1276  1364 
Content of ferrite precipitates  SV,  % 11,8 12,4 11.8 11,2  3,6  3,8 4,0 3,1 4,1 0,0 0,0  0,0 
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Sv, % 
 
h, μm h,  μm 
Fig. 6. Illustrated results of ferrite content Sv measurements in function of the distance h from weld overlay surface 
  j
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Fig. 7. Microstructure of weld overlay built up with UTOP38 wire ARCHIVES of FOUNDRY ENGINEERING Volume 10, Special Issue 3/2010, 5-10  10 
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Fig. 8. Microstructure of weld overlay built up with F-812 wire  j
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Fig. 9. Microstructure of weld overlay built up with F-818 wire 
 
5. Summary and conclusions 
The examined weld overlays were reported to offer good 
adherence to the substrate during static bend test. Within the 
range of elastoplastic (longitudinal) strain of up to about 2 %, no 
cracks and/or delaminations have occurred.  
The microstructure of the layers with different content of the 
alloying elements is formed under the heat exchange conditions 
specific for the weld overlaying process.  
The highest hardness of HV0,1 » 750 was found in the layers 
of F-818. In the layers of F-812 and UTOP38, the surface 
hardness values amounted to HV0,1 = 490 - 530 and HV0,1 » 
470, respectively. Hardness raised on approaching the substrate 
boundary (Figs. 4 and 5). The hardness of the substrate was   
HV0,1 = 300 - 400 (367 on an average). 
The UTOP38 and F-812 wires are particularly suitable for the 
weld overlaying of die impressions where the predominant wear 
mechanism is mechanical or thermal-mechanical fatigue of 
material. The weld overlays made with F-818 wire are 
recommended for use when the die impression is exposed to the 
risk of heavy abrasion and adhesive wear.  
It is possible and advisable to use different materials for the 
weld overlays deposited on different fragments of the same die 
impression. 
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